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(57) Abstract 

The invention describes a composition for producing durable coatings and a process for preparing a single-layer iHoad band 
antireflective coating on solid subs&atcs. such as glass, ceramics, metals, and oiganic polymeric materials. The coating composition 
comprises, in combination, acid catalyzed hydrolysis and condensation products of waier-sUane monomer mixture and a film forming 
amount of a polymer having functional groups selected from amino, hydroxy and cariwxy, hydroxy and amino, amino and carboxy. and 
amino, hydroxy and cartwxy. The described process comprises applying the aforesaid coating compositiwj (or an acid catalyzed sol-gel 
coating composition) substantially free of prefonned oxide sol and water soluble metal salt to the surface of a solid substnte, curing the 
applied coating, and treating the cured coating witfj an aqueous electrolyte solution for a time sufficient to pioduoe a coating having graded 
porosity which is antireflective over a broad band of the visible specttum. 
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COATING COMPOSITION, PROCESS FOR PRODUCING ANTIREFLECTIVE 
COATINGS, AND COATED ARTICLES 

Description of th^ lnv&ntAnT^ 
5 The present invention relates to compositions for 

producing durable coatings. More particularly, the present 
invention relates to a novel process for preparing a single - 
layer, broad band antireflective coating on solid substrates 
such as glass, ceramics, metals, and organic polymeric 
10 materials. Still more particularly, this invention relates to 
solid articles having on at least one surface thereof a 
durable coating of the present invention, or an antireflective 
coating formed by the process of the present invention. 

It is known that the surfaces of solid substrates 
15 that have been subjected to treatments or machining to provide 
a polish, gloss, or another surface aspect, as required by 
technical or decorative requirements, must be protected by 
suitable coatings to prevent any alteration of the surface 
condition. Such protection is more necessary when the surface 
20 is more fragile or subject to the risks of alteration or 

degradation as in the case of, for example, glass, ceramics, 
and organic polymeric materials which may be scratched or 
opacified from the effects of friction, abrasion, or even 
shock. The use of protective coatings based on 
25 organoalkoxysilanes, organoalkoxysilane-metal oxide sol -gel 
compositions, and combinations of acid hydrolyzed silicate, 
acid hydrolyzed epoxy/silane coupling agent, difunctional 
monomer, and photoinitiator are disclosed respectively in U.S. 
Patents 4,485,130; 4,753,827; and 5,120,811. 
30 It is also known that it is desirable to reduce 

reflection on reflective surfaces such as optical articles or 
elements, e.g., windows, ophthalmic lenses, transparent 
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sheets, films, display surfaces, and the like. The amount of 
reflected light from such surfaces can be reduced by means of 
an antireflective coating. The advantages of such coatings, 
as reported by K.H. Guenther in Thin Film Coating Technology 
5 for ophthalmic Lenses. SPIE. 601. Ophthalmic Optics. 1985. 
pages 76-87, are the elimination of ghost images due to 
multiple internal reflections, and of disturbing reflection to 
the wearer and the external viewer. As a consequence, the 
wearer not only sees better, but also looks better. 
10 . The use of a single layer to form antireflective 

coatings, to reduce reflection losses and increase the light 
transmission of optical glass and optical plastic articles is 
described in U.S. Patents 4.929.278 and 5,116.644. 
U.S. 4,929,278 describes a sol-gel antireflective surface 
15 coating solution and a method for its preparation. The 

antireflective coating solution is prepared by subjecting a 
solution of silicon alkoxide and/or metal alkoxide to 
- hydrolysis and condensation in a reaction system containing 

water and catalyst in an alcohol solution, aging the reaction 
20 system to form a sol-gel hydrolyzation-condensation polymeric 
reaction product, reliquifying the resulting gel and diluting 
the reliquified sol-gel reaction product to produce the 
surface coating solution. U.S. Patent 5,116.664 describes an 
antireflective layer formed by coating a lens with a siloxane- 
25 containing hard coat solution having at least one oxide sol. 
hardening the coated solution to give a hard coat layer, and 
immersing the lens into an acidic or alkaline solution to 
dissolve the oxide particles contained in the hard coat layer 
so as to make the layer non-uniform. 
30 Antireflective coatings formed by the dissolution of 

coating components using various acids and bases may undergo 
further dissolution during use of the coated article if it is 
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exposed to acid rain or alkaline cleaning agents. Formation 
of antireflective coatings using vacuum deposition techniques 
requires costly equipment and precise control to meet exacting 
specifications « Consequently, there is a need for a cost 
5 effective process to produce durad^le, antireflective coatings. 

It has now been discovered that incorporating a 
polymer having certain functional groups in a sol -gel type 
coating composition, i.e., a coating composition comprising 
the hydrolysis and condensation reaction products of silane 
10 monomer (s), acid catalyst and water, results in a durable, 
i.e., resistant to abrasion, coating. Treatment of such 
coating (or an acid catalyzed sol-gel coating alone) 
substantially free of preformed oxide sol, e.g., colloidal 
silica, colloidal antimony oxide and the like, and preformed 
15 water soluble metal salt with the novel process of the present 
invention produces a single-layer, durable, transparent and 
adherent antireflective coating. 

In accordance with the present invention, a film 
forming amount of a polymer having amino, hydroxy and carboxy, 
20 hydroxy and amino, amino and carboxy, or amino, hydroxy and 
carboxy functionality is included in the coating composition. 
Such polymer may be prepared from monomer (s) having at least 
one functional group selected from hydroxy, amino and/or 
carboxy groups. The polymer is compatible with the silane 
25 monomer, the hydrolysis and condensation reaction products of 
the silane monomer including by-product alcohol of the coating 
composition. This coating composition may be used to produce 
a single-layer, sol-gel, i.e., solution-gelation, durable, 
i.e., resistant to abrasion, adherent, cured coating on 
3 0 surfaces of solid substrates using conventional coating 

technology. Moreover, the resultant coating may be treated in 
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accordance with the novel process of the present invention to 
form an antireflective coating. 

The novel process of the present invention comprises 
applying the aforesaid novel coating composition, or an acid 
5 catalyzed sol-gel coating composition, that is substantially 
free of preformed oxide sol and water-soluble metal salt to 
the surface of a solid substrate, curing the applied coating 
composition, and treating the cured coating with an aqueous 
electrolyte solution for a time sufficient to produce a 
10 coating having a graded porosity that is antireflective over a 
broad range of the visible spectrum, i.e., 400 nanometers to 
700 nanometers. 

nl>,^,a^led Df>fiffr4pt-,ion Of The Invention 
The coating conposition of the present invention is 
of the type comprising, in combination, the acid catalyzed 
hydrolysis and condensation products of a water-silane 
monomer (s) mixture and a film forming amount oif a polymer, 
i.e., homopolymer, copolymer, terpolymer, etc. , having amino, 
hydroxy and carboxy, hydroxy and amino, amino and carboxy, or 
amino, hydroxy and carboxy fractional group (s) . Such polymer 
may be prepared from monomer (s) having at least one functional 
group selected from hydroxy, amino and/or carboxy groups. 

Monomers that may be used to prepare the 
aforedescribed polymer include: hydroxy (C2-C4) alky 1 acrylates, 
hydroxy (C2-C4 ) alky 1 methacrylates , acrylic acid, methacrylic 
acid, carboxy (Ci-C4)alkyl acrylates, carboxy (Ci-C4)alkyl 
methacrylates, amino substituted phenyl acrylates, amino 
substituted phenyl methacrylates, amino substituted phenyl (C^- 
C9)alkyl acrylates, amino substituted phenyl (C1-C9) alky 1 
methacrylates, amino substituted phenoxy acrylates, amino 
substituted phenoxy methacrylates, amino substituted 
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phenoxy{Ci-C9)alkyl acrylates,. amino substituted phenoxyCCi- 
C9)alkyl methacrylates, amino (C1-C9) alkyl acrylates, amino(Ci- 
Cgjalkyl tnethacrylates, and vinylamines . The amino 
substituted phenyl and phenoxy groups may have in addition to 
5 the amino substituent (s) , further substituents selected from 
the group consisting of C1-C9 alkyl. cyano, chloro, bromo, 
methoxy, nitro and methylthio. The total number of - 
substituents on either the phenyl or phenoxy group may range 
from 1 to 5. Preferably, the monomers used include 
10 hydroxy (C2-C4) alkyl methacrylates , acrylic acid, methacrylic 
acid. carboxy(Gi-C4)alkyl acrylates, amino (C1-C9) alkyl 
acrylates, and amino (C1-C9) alkyl methacrylates. 

Examples of hydroxyalkyl acrylates and carboxyalkyl 
acrylates include 2-hydroxyethyl acrylate, 2-hydroxypropyl 
15 acrylate, 3 -hydroxypropyl acrylate, 4-hydroxybutyl acrylate, 
3,4-dihydroxybutyl acrylate, 2-hydroxyethyl methacrylate, 2- 
hydroxypropyl methacrylate, 3 -hydroxypropyl methacrylate, 4- 
hydroxybutyl methacrylate, 3,4-dihydroxybutyl methacrylate, 
carboxymethyl acrylate, 2-carboxyethyl acrylate, 2- 
20 carboxypropyl acrylate, 3-carboxypropyl acrylate, 4- 
carboxybutyl acrylate, carboxymethyl methacrylate. 2- 
carboxyethyl methacrylate, 2 -carboxypropyl methacrylate, 3-. 
carboxypropyl methacrylate, 4-carboxybutyl methacrylate, and 
the like. 

25 Examples of amino substituted acrylates and 

methacrylates include the ortho, meta. and para substituted 
aminophenyl acrylates, amino phenethyl acrylate. amino 
phenheptyl acrylate, p-aminophenoxy acrylate, 2- (dimethyl 
amino) ethyl acrylate, 2- (diethylamino) ethyl acrylate, 3- 

30 (diethylamino) propyl acrylate, 2-t-butylaminoethyl acrylate, 
N,N-dibutylaminoethyl acrylate. 2-t.octylaminoethyl acrylate, 
7.amino-3,4-dimethyloctyl acrylate, ortho, meta. and para 
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substituted aminophenyl methacrylates, amino phenethyl 
methacrylate , amino phenheptyl methacxylate, p-aminophenoxy 
methaczylate , 2 - ( dimethylamino ) ethyl methacrylate , 2 - 
(diethyl amino) ethyl methacrylate , 3 - (diethylamino) propyl 
5 methacrylate, 2-t-butylarainoethyl methacrylate, N,N-dibutyl 
aminoethyl methacrylate, 2-t-octylaminoethyl methacrylate, 7- 
amino-3,4-dimethyloctyl methacrylate and the like. Examples 
of vinylamines include vinylamine, N,N-dimethylvinylamine, 
N,N-diethylvinylamine, N-methyl-N-phenylvinylamine, N,N- 

10 diphenyi vinyl amine, and the like. 

Other polymers having the aforedescribed functional 
groups that are contemplated for use in the coating 
cott^osition of the present invention which are not prepared 
from monomer (8 ) having such functional used include but are 

15 not limited to cellxilose ethers, such as sodium 

carboxymethylhydroxy ethyl cellulose, amino deoxycellulose, 2- 
aminoethyl cellulose, 2- (N' ,N-diethylamino)ethyl cellulose, 
aminoethylhydroxyprppyl cellulose, and the like. 

The polymer incorporated into the coating 

20 composition is present in amounts sufficient to form a coating 
or film in combination with the other components of the 
coating composition, i.e., a film forming amount, which 
typically is at a level of from about 1 to about 30 weight 
percent, based on the total weight of the coating composition, 

25 and more particularly, is present in amounts of from about l 
to about 10 weight percent. In order to form a homogeneous 
and tramsparent coating composition, the polymer should be 
compatible, i.e., capable of forming an organic- inorganic 
composite material with the acid catalyzed hydrolysis and 
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condensation products of the water-silane monomer mixture 
including by-product alcohol resulting from the hydrolysis and 
condensation of the silane monomer. The presence of the 
polymer in the coating composition assists in the formation of 
5 a coating having a graded porosity, after the coating is 

applied to a solid surface, cured, and treated with an aqueous 
electrolyte solution. The thickness of the coating may range 
from about 80 nanometers to about 10 microns. Coatings 
thicker than 10 microns are conteit^lated; however, such 
10 thicker coatings may crack when cured. 

The polymer incorporated into the coating 
composition may contain from about 0 to about 99 weight 
percent, based on the total weight of the polymer, of moieties 
resulting from the polymerization of monomers having the 
15 aforedescribed functional groups with other monomers 

substantially free of hydroxy, carboxy and/or amino functional 
groups to form copolymers, terpolymers, etc. This latter 
group of monomers include, but are not limited to, CX-C20 
alkyl acrylates, C1-C20 alkyl methacrylates, C2-C20 alkenyl 
20 acrylates, C2-C20 alkenyl methacrylates, 05-09 cycloalkyl 
acrylates, C5-C8 cycloalkyl methacrylates, phenyl acrylates, 
phenyl methacrylates, phenyl (C1-C9) alkyl acrylates, phenyl (Ci- 
C9) alkyl methacrylates, substituted phenyl (Ci-Cg) alkyl 
acrylates, substituted phenyl (C1-C9) alkyl methacrylates, 
25 phenoxy(Ci-C9) alkyl acrylates, phenoxy(Ci-C9) alkyl 

methacrylates, substituted phenoxy(Ci-C9) alkyl acrylates, 
substituted phenoxy{Ci-C9) alkyl methacrylates, C1-C4 
alkoxy{C2-C4) alkyl acrylates, C1-C4 alkoxy (C2-C4) alkyl 
methacrylates, C1-C4 alkoxy(Ci-C4) alkoxy {C2-C4) alkyl 
30 acrylates, C1-C4 alkoxy ( Ci -C4) alkoxy (C2-C4) alkyl 

methacrylates, C2-C4 oxiranyl acrylates, C2-C4 oxiranyl 
methacrylates, copolymerizable di-, tri- or tetra- acrylate 
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monomers, copolymerizable di-, tri-, or tetra- methacrylate 
monomers and perf luoroalkyleChyl methacrylate monomer mixtures 
available as ZONYL®TM. A description of such monomers is 
found in U.S. Patent 5,330,686 in column 2, line 31 to column 
5-4, line 22, which description is incorporated herein by 

reference. . 

Examples of such monomers include methyl 
methacrylate, ethyl methacrylate, propyl methacrylate, 
isopropyl methacrylate, butyl methacrylate, isobutyl 

10 methacrylate, hexyl methacrylate, 2-ethylhexyl methacrylate, 
nonyl methacrylate, lauryl methacrylate, stearyl methacrylate. 
isodecyl methacrylate, ethyl acrylate, methyl acrylate, propyl 
acrylate, . isopropyl acrylate, butyl acrylate, isobutyl 
acrylate, hexyl acrylate. 2-ethylhexyl acrylate, nonyl 

15 acrylate, lauryl acrylate, stearyl acrylate. isodecyl 

acrylate, ethylene methacrylate, propylene methacrylate, 
isopropylene methacrylate, butane methacrylate, isobutylene 
methacrylate. hexene methacrylate, 2-ethylhexene methacrylate, 
nonene methacrylate, isodecene methacrylate, ethylene 

20 acrylate, propylene acrylate, isopropylene, hexene acrylate. 
2-ethylhexene acrylate, nonene acrylate, isodecene acrylate. 
cyclopentyl methacrylate, 4-methyl cyclohexyl acrylate, benzyl 
methacrylate, o-bromobenzyl methacrylate, phenyl methacrylate, 
nonylphenyl methacrylate, benzyl acrylate, o-bromobenzyl 

25 acrylate, phenyl acrylate, nonylphenyl acrylate, phenethyl 

methacrylate, phenoxy methacrylate. phenylpropyl methacrylate. 
nonylphenylethyl methacrylate, phenethyl acrylate, phenoxy 
acrylate, phenylpropyl acrylate, nonylphenylethyl acrylate, 2- 
ethoxyethoxymethyl acrylate, ethoxyethoxyethyl methacrylate. 
30 2-ethoxyethoxymethyl acrylate, ethoxyethoxyethyl acrylate, 
glycidyl methacrylate, glycidyl acrylate, 2 , 3-epoxybutyl 
methacrylate. 2 . 3 -epoxybutyl acrylate, 3 . 4-epoxybutyl 
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acrylate, 3,4-epoxybutyl methacrylate, 2.3-epoxypropyl " 
methacrylate, 2.3-epoxypropyl acrylate, 2 -methoxyethyl 
methacrylate, 2-ethoxyet:hyl methacrylate , 2-butoxyeChyl 
methacrylate, 2 -methoxyethyl acrylate. 2-ethoxyethyl acrylate. 
5 2-butoxyethyl acrylate, tetrahydrof urf uryl acrylate. 

tetrahydrofurfuryl methacrylate, ethoxylated bisphenol-A- 
dimethacrylate, ethylene glycol diacrylate, 1,2-propane diol 
diacrylate, 1,3-propane diol diacrylate, 1,2-propane diol 
dimethacrylate, 1,3 -propane diol dimethacrylate , 1,4-butane 
10 diol diacrylate, i.3-butane diol dimethacrylate, 1,4-butane 
diol dimethacrylate. 1.5 pentane diol diacrylate, 2,5- 
dimethyl-l,6-hexane diol dimethacrylate. diethylene glycol 
diacrylate, diethylene glycol dimethacrylate, trimethylol 
propane trimethacrylate. tetraethylene glycol diacrylate. 
15 tetraethylene glycol dimethacrylate. dipropylene glycol 
dimethacrylate, trimethylol propane triacrylate, glycerol 
triacrylate. glycerol trimethacrylate, pentaerythritol 
triacrylate, pentaerythritol dimethacrylate, pentaerythritol 
tetraacrylate,. pentaerythritol tetramethacrylate . and the 

20 like. 

The polymer incorporated into the coating 
composition may be prepared by conventional solution 
polymerization techniques that are well known in the art. 
This polymerization is usually carried out in an organic 

25 solvent under reflux conditions with an appropriate initiator 
having a specific decomposition half -life. The polymer 
conversion is usually better than 95 percent. Residual 
monomer in the product can be eliminated by further addition 
of initiator and longer hold time or both, as necessary. The 

30 level of residual monomer can be further reduced if necessary 
by redox initiators incorporated in the aqueous medium after 
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inversion from a non-aqueous medium in cases where such 
inversion is possible and acceptable. 

Alternately, the polymer may be prepared by aqueous 
emulsion or dispersion polymerization, where the 
5 polymerization is carried out in an aqueous medium in the 
presence of surface active agents using water soliible 
initiators, which are commonly inorganic peroxydisulfates. 

The film forming polymer will typically have a 
number average molecular weight of between about 500 and about 
10 1,000,000, preferably between about 1,000 and about 100,000 
and most preferably between about 1,500 and about 25,000. 

The coating composition also contains from about l 
to about 70 weight percent, preferably, from about 3 to about 
55 weight percent, based on the total weight of the coating 
15 composition, of at least one silane monomer represented by the 
following general formula: 

R^m (R^)nSiX4 .(m + n) ^ 

20 wherein may be C1-C20 alkyl, C3^-C2o haloalkyl, C2-C20 

alkenyl, C2-C20 haloalkenyl, phenyl, phenyl {C1-C20) alky 1 , C^- 
C20 alkylphenyl; phenyl {C2-C20) alkenyl , C2-C20 alkenylphenyl , 
glycidoxy {C1-C20) alkyl, epoxycyclohexyl (C1-C20) al^yli 
morphol ino , amino ( - C2 0 ) alky 1 , amino ( C2 - C2 0 ) alkenyl , 

25 mercapto(Ci-C2o)alkyl, mercapto {C2'C2o) alkenyl , cyano(Ci- 
C2o)alkyl, cyano (C2-C20) alkenyl, acryloxy, methacryloxy, or 
halogen. The halo or halogen may be bromo, chloro, or fluoro. 
Preferably, is a Ci-Ciq alkyl, C^^-C^q haloalkyl, C2-C10 
alkenyl, phenyl, phenyl (Ci-Ciq) alkyl, C^-Cio alkylphenyi, 

30 glycidoxy (Ci-Cio* alkyl, epoxycyclohexyl (Ci-Ciq) alkyl, 
morpholino, amino (Ci-Ciq) alkyl, amino (C2-C10' alkenyl, 
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mercapto(Ci-Cio)alkyl, mercaptotCj-Cio) alkenyl, cyano(Ci-Cio) 
alkyl, cyano(C2-Cio) alkenyl, or halogen and the halo or 
halogen is chloro or f luoro , 

In formula I, r2 may be C1-C20 alkylene, C2-C20 
5 alkenylene, phenylene, C1-.C20 alkylenephenylene, amino (Ci - 
C2o)alkylene, amino (C2-C20) alkenylene; X may be hydrogen, 
halogen, hydroxy, C1-C5 alkoxy, Ci-Cg alkoxyCCi-Cgjalkoxy, c^- 
C4 acyloxy, phenoxy, C1-C3 alkylphenoxy, or C1-C3 
alkoxyphenoxy, said halo or halogen being bromo, chloro or 
10 f luoro; m and n are each an integer of from 0 to 2; and the 

sum of m and n is an integer of from 0 to 3. Preferably, r2 is 
a Cx-Cxo alkylene or C2-C10 alkenylene group, phenylene, C^- 
Cio alkylenephenylene, amino (Ci-Ciq) alkylene, amino (C2- 
Cio) alkenylene, X is hydrogen, halogen, hydroxy, C3L-C3 alkoxy, 
15 C1-C3 alkoxy (C1-C3) alkoxy, C1-C2 acyloxy, phenoxy, C1-C2 

' alkylphenoxy, or C1-C2 alkoxyphenoxy, and the halo or halogen 
is chloro or f luoro. 

Suitable silane monomers include 
glycidoxymethyltriethoxysilane, alpha-glycidoxyethyl 
20 trimethoxysilane, alpha-glycidoxyethyltriethoxysilane, 
beta-glycidoxyethyltrimethoxysilane, beta-glycidoxyethyl- 
triethoxysilane, alpha-glycidoxypropyltrimethoxysilane, 
alpha-glycidoxypropyltriethoxysilane, 

beta-glycidoxypropyl trimethoxysilane, beta-glycidoxypropyl- 
25 triethoxysilane, gamma-glycidoxypropyl trimethoxysilane, 

gamma-glycidoxypropylmethyldimethoxysilane , gamma-glycidoxy- 
propyldimethylethoxysilane, methyltrimethoxysilane, methyl - 
triethoxysilane, methyl trimethoxyethoxysi lane, methyltri- 
acetoxysilane, methyl tripropoxysilane, methyltributoxysilane, 
30 ethyl trimethoxysilane, ethyl triethoxysilane, gamma-meth- 
acryloxypropyl trimethoxysilane , gamma-aminopropyltri- 
methoxysilane, gamma-aminopropyl triethoxysilane, gamma-mer- 
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captopropyltrimethoxysilane , chloromethyltrimethoxyeilane , 
chloromethytriethoxysilanei dimethyldiethoxysilane, 
gamma-chloropropylmethyrdimethoxysilane , gamma- chlorop ropy 1- 
methyldiethoxyeilane, tetramethylorthosilicate , 
5 tetraethylorthosilicate, hydrolyzates of such silane monomers, 
and mixtures of such silane monomers and hydrolyzates thereof. 

The coating composition also contains a catalytic 
amount of water-soluble acid catalyst. A catalytic amount is 
that amount which is sufficient to cause polycondensation of 

10 the silane monomers and their subsequent cross -linking with 
the functional group -containing polymer. Typically, the 
catalytic amount of acid catalyst will range from about 0.01 
to about 10.0 weight percent, based on the total weight of the 
coating composition. The water-soluble acid catalyst may be 

15 an orgauiic carboxylic acid or inorganic acid selected from the 
group -Consisting of acetic, formic, glutaric, maleic, nitric, 
sulfuric, and hydrochloric acids. Water is also present in 
the coating composition in an amount sufficient to form the 
silane monomer hydrolysis products, the condensation products, 

20 and mixtures thereof, and to solubilize the acid catalyst. 
The sum of all of the components of the coating composition 
totals 100 weight percent. 

The coating composition may further contain from 
about 0 to about 20 weight percent, based on the total weight 

25 of the coating composition, of a compound having the empirical 
formula: 

M(Y)p II 

wherein M is a metal selected from the group consisting of 
30 titanium, aluminum, zirconium, boron, tin, indium, antimony, 
and zinc, Y is selected from the group consisting of Ci-Ciq 
alkoxy and acetylacetonato, and p is an integer equivalent to 
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the valence of M. Preferably, the coating composition 
contains from about 0 to about 10 weight percent of the 
compound represented by empirical formula II, wherein M is 
selected from the group consisting of titanium, aluminum, 
5 boron, and zirconium, and Y is C1-C5 alkoxy, e.g., methoxy and 
ethoxy. 

A contpatible organic polymer substantially free of 
hydroxy, amino and carboxy functional groups may also be 
present in the coating composition in addition to the polymer 
10 having the aforedescribed functional groups. This compatible 
polymer may be present in amounts from about O.l to about 15 
weight percent, based on the total weight of the coating 
coitposition, more preferably in amounts of from about 1 to 
about 5 weight percent. Suitable organic polymers include 

15 polyacrylates, polymethacrylates, poly IC1-C12) alkyl 

methacrylates, poly (C1-C12) alky 1 acrylates, polyoxy (alkylene 
methacrylates) , poly (alkoxylated phenol methacrylates), 
methylcellulose, ethylmethylcellulose, cellulose acetate, 
cellulose triacetate, cellulose acetate propionate, cellulose 

20 acetate butyrate, poly(vinyl acetate), poly(vinyl alcohol), 
polyesters, polyurethanes, poly (ethylene terephthalate) , 
copoly{styrene-methylmethacrylate) , copoly (styrene- 
acrylonitrile) , polyvinyl pyrrolidone, and polyvinylbutyral . 

A solvating amount of organic solvent may also be 

25 present in the coating composition. A solvating amount is 
that amotint which is sufficient to solubilize the silane 
monomers in the coating composition. The solvating amoxint may 
represent up to about 80 weight percent, based on the total 
weight of the coating composition. Suitable organic solvents 

30 include ethyl acetate, tetrahydrofuran, Ci-Cg alkanol, and 
aliphatic alcohols of the empirical formula: 

[ (R^)iR^] (Ci-C6)0H III 
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•wherein and are each C1-C4 alkoxy, and i is the integer 
0 or 1, Such solvents include methanol, ethanol, 2- 
ethoxyethauiol , 2- {2-methoxyethoxy) ethanol, 2-Tnethoxy ethanol, 
5 2- (2-ethoxymethoxy) ethanol, 1-propanol, 2-propanol, and 1- 
methoxy-2-propanol . 

The coating composition may also contain a leveling 
amount of surfactant. A leveling amount is that amount which 
is sufficient to allow the coating composition to spread 

10 evenly and homogeneously (or to level the coating composition), 
on the surface of the substrate to which it is applied. 
Preferably, the surfactant is a liquid at the conditions of 
use and is used in amounts of from about 0.01 to about 1.0 
weight percent, based on the weight of the silane monomer in 

15 the coating composition. Suitable surfactants include 

anionic, cationic, nonionic, and amphoteric surfactants, which 
are described in the Kirk Othmer Encyclopedia of chemical 
Technnl r>gy , Third Edition, Volume 22, pages 332 to 432. 
Particularly, the anionic surfactants, include carboxylic acids 

20 and their salts, sulfonic acids and their salts, sulfuric acid 
esters and their salts, phosphoric and polyphosphoric acid 
esters and their salts; the nonionic surfactants include 
ethoxylated alcohols, ethoxylated alkylphenols , ethoxylated 
carboxylic esters, ethoxylated carboxylic amides, and 

25 fluorosur fact ants; the cationic surfactants include oxygen- 
free amines, oxygen- containing amines, amide -linked amines, 
and quaternary ammonium salts; and the amphoteric surfactcuits 
include imidazolinium derivatives, alkyl betaines, and 
amidopropyl betaines. The nonionic surfactants are preferred. 

30 More particularly, the nonionic surfactant may be 

selected from the group consisting of ethoxylates of primary, 
secondary and branched paraffinic alcohols, wherein the 
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alcohol contains from about 6 to 20 carbon atoms and the 
average number of ethoxy groups range from' about 1 to about 
20; aikyl phenol ethoxylates and dialkyl phenol ethoxylates, 
wherein each of the alkyl substituents contains from about 6 
5 to about 12 carbon atoms and the average number of ethoxy 
groups range from ahont 1 to about 24; benzyl, propyleneoxy, 
butyleneoxy, phenoxy and C1-C4 alkoxy capped (C6-C12) alkyl 
phenol ethoxylates, wherein the average number of propyleneoxy 
or butyleneoxy groups in the molecule may range from 1 to 5 ; 
10 glycerol esters of fatty acids containing from 4 to 22 carbon 
atoms; ethoxylates and propoxylates of fatty acids wherein the 
fatty acids contain from 4 to 22 carbon atoms and the average 
number of ethoxy or propoxy groups is from 1 to 24; sorbitan 
fatty acid esters wherein the fatty acids contain from 4 to 22 
15 carbon atoms and ethoxylated sorbitan fatty acids esters 

wherein the average number of ethoxy groups is from about 3 to 
20; fatty acid alkanolamides , such as fatty acid 
diethanoloamides , where the fatty acid contains from 4 to 22 
carbon atoms and the alkanolamide contains from 0 to 4 carbon 
20 atoms; amine ethoxylates such as tertiary amine ethoxylates, 
e.g., r5n(R')R", wherein is a group containing from about 4 
to 22 carbon atoms, such as the residue of a fatty acid, and 
R' and R" are each ethoxy or polyethoxy groups having an 
average of 1 to 6 ethoxy groups; block copolymers of ethylene 
25 oxide and propylene oxide, e.g., ethoxylated polyoxypropylene 
glycols and propoxylated polyoxyethylene glycols; acetylenic 
diols and ethoxylated acetylenic diols; f luorosurf actants, 
i.e., a fluorocarbon containing orgemic, e.g., alkoxy, or 
inorganic, e.g., sulfate, surface active and water 
30 solubilizing (polar) groups that orient the hydrophilic 

portion of the surfactant in the aqueous phase; and capped 
nonionics represented by the formula R^ (OCH2CH2) g^'' wherein R^ 
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is Cg to C20 linear or branched alkyl, is selected from 
halogen, e.g., chloro, fluoro or bromo, benzyl, phenoxy, to 
C4 alkoxy or -0 (C^j[H2ciO) gH, wherein d is 3 or 4 and e is 1 to 
5, and 8 denotes the average number of ethylene oxide units 
5 and is a whole or fractional number ranging from 3 to 20. 

Advantageously, the nonionic surfactant is an 
ethoxylated alkyl phenol, such as the IGEPAL® DM surfactants 
or octyl phenoxypolyethoxyethanol (availeO^le as TRITON® X- 
100), an acetylenic diol, such as 2,4, 7, S-tetramethyl-B-decyne- 
lO 4,7-diol (available as SURFYNOL® 104), ethoxylated acetylenic 
diols, such as the SURFYNOL® 400 surfactant series, 
fluorosurfactants, such as the FLUORAD® f luorochemical 
surfactant series, and capped nonionics such as the benzyl 
capped octyl phenol ethoxylates (available as TRITON® CF87) , 
15 the propylene oxide capped alkyl ethoxylates, which are 
available as the PLURAPAC® RA series of surfactants, and 
octylphenoxyhexadecylethoxy benzyl ether. 

Still more particularly, the nonionic surfactant (s) 
is selected from the group consisting of ethoxylated alkyl 
20. phenols, f luoroaliphatic polymeric esters, such as FLUORAD® 
FC-430, and fluorinated alkyl polyoxyethylene ethanols, such 
as FLUORAD® FC-170-C. 

The coating composition may also contain from about 
0 to about 10 weight percent, based on the total weight of the 
25 coating composition, of a fluorinated silane. The fluorinated 
silane, as used herein may be defined as substances 
representable by the empirical formula: 

F(CF2)gCH2CH2Si (CH3)hZ3.h' wherein Z is chloro, methoxy or 
ethoxy, g is an integer selected from the integers 1 to 10, 
30 and h is the integer 0, 1 or 2. 

Examples of such fluorinated silanes include 
trifluoroacetoxypropyl tri- (03^-02) alkoxysilanes, 3- 



wo 96/29154 PCT/US96/03605 



-17- 



(heptafluoroisopropoxy) propyl trichlorosilane, 3- 
(heptafluoroisopropoxy) propyl triethoxysilane, N- (3- 
triethoxysilylpropyl) perfluorooctanoamide, N-{3- 
triethoxysilylpropyl) perf luoro(2, 5-dimethyl-3 , 6-diox- 
5 anonanoyl) amide, (tridecafluoro-l, 1,2. 2-ce trahydrooctyl)- 1- 
dimethylchlorosilane. (tridecafluoro-l.l.2.2-cetrahydroocCyl) - 
l-methyldichlorosilane. (tridecafluoro-1. 1.2.2 -tetrahydro - 
octyl)-l-trichlorosilane, tridecafluoro-1 . 1, 2 . 2-cetrahydro- 
octyl-l- triethoxysilane, 3 . 3 , 3- trif luoropropyldimethyl- 

10 chlorosilane, (3 .3, 3-trif luoropropyDmethydichlorosilane, 
(.3,3. 3 - trif luoropropyl ) methyldimethoxysilane , (3,3,3- tri - 
fluoropropyDmethyldimethoxysilane, (3,3.3-trif luoro- 
propyl) trichlorosilane, (3. 3, 3 -trif luoropropyl) trimethoxy- 
silane. IH, IH, 2H. 2H-perfluoroalkyl triethoxysilane, 

15 iH,lH,2H,2H-perfluorodecyl dimethyl chlorosilane. 1H,1H,2H.2H- 
perf luorodecylmethyldichlorosilane. IH, IH. 2H. 2H-perf luoro- 
trichlorosilane, iH, IH, 2H, 2H-perf luorotriethoxysilane, 
IH, IH, 2H, 2H-perf luorooctylmethyldichlorosilane, IH, IH, 2H, 2H- 
perfluorooctyl trichlorosilane. and IH, IH, 2H. 2H-perf luoro- 

20 octyltriethoxysilane. 

The coating composition of the present invention may 
be prepared by adding the acid catalyst to a reaction flask 
containing an aqueous suspension of the selected silane 
monomer (s) . After mixing for about 5 minutes, the selected 

25 polymer (s) is added to the reaction flask and the contents are 
stirred until a clear solution is obtained. Organic solvent 
and/or surfactant may be added with additional stirring for 
from about 2 to about 18 hours depending on the acid catalyst 
used. For example, the use of a strong acid, such as nitric 

30 acid, would rapidly catalyze the hydrolysis reaction, whereas 
the use of a weak acid, such as . acetic acid, would take 
longer. The pH of the coating solution is adjusted to from 
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about 4 to about 5 with a compatible alkaline reagent, such as 
an aqueous solution of tetramethylamraonium hydroxide, if 
necessary. Prior to use as a coating composition, the mixture 
is filtered through a suitable filter, such as a Whatman 934- 
5 AH filter. 

The coating composition of the present invention, or 
eui acid catalyzed sol-gel coating composition, substantially 
free of preformed oxide sol and preformed water soluble metal 
salts, i.e., metal salts having a solubility in water of 

10 greater than 30 grams per 100 grams of water at 25**C, may be 
applied to the surface of a host material using any suitable 
conventional coating method. A coating method such as that 
described in U.S. Patent 3,971,872 may be used. Conventional 
coating methods include flow coating, dip coating, spin 

15 coating, roll coating, curtain coating and spray coating. 

Application of the coating is typically done in an environment 
that is substantially free of dust. The coating may also be 
applied to a substrate previously coated with an antistatic, 
conductive, hardcoat, or a similar type of coating. 

20 The acid catalyzed sol-gel coating composition 

substantially free of preformed oxide sol and preformed water 
soluble metal salts may include polymerizable organic monomers 
or polymers that contain or that are free of the 
af oredescribed hydroxj^, amino, and/or carboxy functional 

25 groups. If the coating composition is substantially free of 
the aforementioned monomers and/or polymers, the silane 
monomer chosen may be selected on the basis of its impact on 
the time required for the aqueous electrolyte solution 
treatment of the cured coating to produce a graded porosity. 

30 For example, to reduce the treatment time necessary, 
methyltriethoxy silane may be used in place of 
methyltrimethoxy silane, an amino containing silane, such as 



wo 9609154 



PCT/US96/03605 



-19- 

aminopropyltrimethoxy silane, may be added or the amount of 
certain silanes used, such as gatnma glycidoxypropyltrimethoxy 
sileme, may be minimized. Other parameters such as abrasion 
resistance and percent transmission of the cured 
5 antiref lective coating may be effected by the selection of the 
coating composition components. It is escpected that one 
skilled in the art can make modifications to the forroulation 
of the coating composition to obtain the desired 
characteristics of the cured antiref lective coating. 
10 It is typical to treat the surface of the substrate 

to be coated prior to applying the coating composition for the 
purposes of cleaning the surface and promoting adhesion. 
Effective treatment techniques for plastics, such as those 
prepared from CR39® allyl diglycol carbonate monomer, include 
15 ultrasonic cleaning; washing with an aqueous mixture of 

organic solvent, e.g., a 50:50 mixture of isopropanol : water or 
ethanol: water; activated gas treatment, e.g., treatment with 
low temperature plasma or corona discharge, and chemical 
treatment such as hydroxylation, i.e., etching of the surface 
20 with an aqueous solution of alkali, e.g., sodi\am hydroxide or 
potassium hydroxide, that may also contain a f luorosurf actant . 
See U.S. Patent 3,971,872, column 3, lines 13 to 25; U.S. 
Patent 4,904,525, column 6, lines 10 to 48; and U.S. Patent 
5,104,692, column 13, lines 10 to 59, which describe surface 
25 treatments of organic polymeric materials. 

The treatment used for cleaning glass surfaces will 
depend on the type of dirt present on the glass surface. Such 
treatments are known to those skilled in the art. For 
exanple, washing the glass with an aqueous solution that may 
30 contain a low foaming, easily rinsed detergent, followed by 
rinsing and drying with a lint-free cloth; and ultrasonic bath 
treatment in heated (about 50^*0 wash water, followed by 
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rinsing and drying. Pre-cleaning with an alcohol -based 
cleaner or organic solvent prior to washing may be required to 
remove adhesives from labels or tapes. 

Following application, of the coating composition to 
5 the treated surface of the substrate, the coating is cured by 
heating it to a temperature of between about 80''C and a 
temperature above which the substrate is damaged due to 
heating, e.g., 80°C to about 130*0. For example, organic 
polymeric materials may be heated up to about 130 •C for a 

10 period of eUDOut 1 to 16 hours in order to cure the coating. 

While a range of temperatures has been provided for curing the 
coated substrate, it will be recognized by persons skilled in 
the art that temperatures other than those disclosed herein 
may be used. Additional methods for curing the coating 

15 composition include irradiating the coating with infrared, 

ultraviolet, gamma or electron radiation so as to promote the 
polymerization reaction of the polymerizable components in the 
coating. 

The process of producing an antiref lective coating 
20 in accordance with the present invention covtxpriBBS contacting 
the cured coating with an aqueous electrolyte solution for a 
time sufficient to produce a coating having graded porosity, 
i.e., a coating the porosity of which decreases through the 
thicJoiess of the coating along a path starting at a point on 
25 the surface of the coating and proceeding to a point adjacent 
to the surface of the coated article. The graded porosity 
causes a reduction of the refractive, index of the coating. 
When the refractive index of the coating is less than or equal 
to the refractive index of the substrate, more light will pass 
30 through the coating and less light will be reflected. A 
coating with graded porosity will demonstrate a broad band 
antireflective effect, i.e., reflect light over the 
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entire range of the visible spectrum, i.e., from 400 to 700 
nainometers. 

More particularly, the cured coating is contacted 
with an aqueous electrolyte solution of the present invention 
5 having a temperature of from about 20^C to the boiling 

temperature of the aqueous electrolyte solution, e.g., 100- 
103°C, for a time sufficient to produce a coating having a 
graded porosity. The application of ultrasonic frequencies, 
e.g*, 40 to 50 Khz, to provide consistent cavitation where the 
10 cured coating is in contact with the aqueous electrolyte 
solution during the treatment step may reduce the time 
necessary to produce an antiref lective coating. The treated 
coating may be contacted subsequently with an aqueous rinsing 
solution for a time and in a manner sufficient to remove 
15 residual products resulting from the treatment step and the 
coating subisequently dried. 

The aqueous electrolyte solution used in the process 
of the present invention comprises an aqueous solution of 
hydrogen chloride, tetra (C1-C12) alkyl ammonium salts, 
20 tetra{Ci-Ci2)alkyl ammonium hydroxide, metal salts, hydrates 
of said salts, metal hydroxides, hydrates of said hydroxides 
or mixtures thereof, having a pH from about 4 to about 12. 
Preferably, the salt of the tetra(Cx-Ci2) alkyl ammonium salt 
or metal salt is selected from the group consisting of 
25 carbonate, carboxylate, sulfonate, sulfate, nitrate, 

perchlorate, phosphate, halide, e.g., fluoride, chloride, 
bromide, and iodide salts and mixtures of such salts having a 
pH from about 7 to about 9. Preferably, the metal of the 
aqueous metal salt solution is an alkaline earth metal or 
30 alkali metal. Suitable metals include lithium, sodium, 
potassium, calcium, barium, magnesium, and strontium. 
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Examples of aqueous electrolyte solutions ^include 
aqueous solutions of tetramethylammoniuin hydroxide; 
tetraethylairanonium iodide, tetrapropylannnonium perchlorate, 
tetrabutylanunonium sulfate, tetrapentylanimonium carbonate, 
5 tetrahexylatnmoniuin chloride, tetraheptylammonium bromide, 
tetraoctylaramonium citrate, tetranonylammonium stearate, 
tetradecyl ammonium nitrate, tetradecyltrimethylammonium 
phosphate, tetraundecylammonium sulfonate, 
tetradodecylammoniura fluoride, magnesium hydroxide, lithium 

10 hydroxide, sodium hydroxide, potassium hydroxide, calcium 
hydroxide, barium hydroxide, aluminum hydroxide, sodium 
iodide, lithium perchlorate, potassium acetate, calcium 
sulfate, barium citrate, lithium sulfate, sodium sulfonate, 
lithium nitrate, potassium bromide, stannic chloride, calcium 

15 chloride, calcium carbonate, magnesium carbonate, sodium 
carbonate, barium fluoride, sodium phosphate, calcium 
stearate, hydrates of such salts, and mixtures of such salts 
or hydrates thereof. 

The concentration of the electrolyte in the aqueous 

20 electrolyte solution may vary widely, e.g., from the part per 
million range found in tap water to saturation levels for 
slightly soluble salts such as magnesium carbonate. 
Typically, the concentration of electrolyte will vary from 
about 0.0001 to about 1.0 weight percent, based on the total 

25 weight of the aqueous electrolyte solution. 

The substrates to which the coating compositions of 
the present invention may be applied include: glass, metals, 
ceramics, and organic polymeric materials- Examples of 
organic polymeric materials include polymers, i.e., 

30 homopolymers and copolymers, of polyoKallyl carbonate) 
monomers, diethylene glycol dimethacrylate monomers, 
diisopropenyl benzene monomers, and alkoxylated polyhydric 
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alcohol acrylate monomers, such as ethoxylated trimethylol 
propane triacrylate monomers, polymers, i.e., homopolymers and 
copolymers, of polyf imctional , i.e., mono-, di-, tri-, or 
tetra- functional, acrylate and/or methacrylate monomers, . 
5 polyacrylates, polymethacrylates, poly(Ci-C22) alkylacrylates 
such as a poly (methyl methacrylate), polyoxy (alkylene 
methacrylates) such as poly (ethylene glycol bis 
methacrylates) , poly (ethoxylated phenol methacrylates) , such 
as poly (ethoxylated bisphenol A dimethacrylates) cellulose 

10 acetate, cellulose triacetate, cellulose acetate propionate, 
cellulose acetate butyrate, poly(vinyl acetate), poly(vinyl 
alcohol), poly(vinyl chloride), poly (vinylidene chloride), 
polyure thanes, thermoplastic polycarbonates, polyesters, 
poly (ethylene terephthalate) , polystyrene, copoly (styrene- 

15 methyl methacrylates) copoly (styrene-acrylonitrile) , 
polyvinylbutyral and polymers , i . e , , homopolymers and 
copolymers, of diallylidene pentaerythritol , particularly 
_ copolymers with polyol (allyl carbonate) monomers, e.g., 

diethylene glycol bis (allyl carbonate), and acrylate monomers. 

20 Transparent copolymers and blends of transparent 

polymers are suitable as substrates for optical articles to 
which the coating composition of the present invention may be 
applied. Preferably, the substrate is an optically clear 
polymerized organic material prepared from a thermoplastic 

25 polycarbonate resin, such as the carbonate -linked resin 

derived from bisphenol A and phosgene, which is sold under the 
trademark LEXAN; a polyester, such as the material sold under 
the trademark MYIiAR; a poly (methyl methacrylate) , such as the 
material sold ;inder the trademark PLEXIGLAS; polymerizates of 

30 a polyol (allyl carbonate) monomer, especially diethylene 

glycol bis (allyl carbonate), which monomer is sold under the 
trademark CR-39, and polymerizates of copolymers of a polyol 
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(allyl carbonate), e.g.. diethylene glycol bis{allyl 
carbonate) , with other copolymerizable monomer ic materials, 
such as copolymers with vinyl acetate, and copolymers with a 
polyure thane having terminal diacrylate functionality, as 
5 described in U.S. Patent 4,360,653 and 4.994.208; and 

copolymers with aliphatic urethanes. the terminal portion of 
which contain aliyl or acrylyl functional groups, as described 
in U.S. Patent 5,200.483; poly(vinyl acetate), 
polyvinylbutyral, polyurethane , polymers of members of the 
10 group consisting of diethylene glycol dimethacrylate monomers, 
diisopropenyl benzene monomers, and ethoxylated trimethylol 
propane triacrylate monomers; cellulose acetate, cellulose 
propionate, cellulose butyrate. cellulose acetate butyrate. 
polystyrene and copolymers of styrene with methyl 
15 methacrylate, vinyl acetate and acrylonitrile. 

The organic polymeric material may be in the form of 
optical elements such as windows, piano and vision correcting 
ophthalmic lenses, exterior viewing surfaces of liquid crystal 
displays, cathode ray tubes e.g., video display tubes for 
20 televisions and computers, clear polymeric films, automotive 
transparencies, e.g.. windshields, aircraft transparencies, 
plastic sheeting, etc. Application of the antiref lective . 
coating of the present invention to a polymeric film in the 
form of an "applique" may be accomplished using the methods 
25 described in column 17. line 28 to column 18. line 57. of U.S. 

Patent 5,198.267. 

The present invention is more particularly described 

in the following examples which are intended as illustrative 

•^^^^ rtn«3 and variations therein will 

only, since numerous modifications ana vao-j. 

30 be apparent to those skilled in the art. 
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Ryample 1 ' 
sr,ep 1 

The following materials were added to a suitable 
reaction vessel equipped with an agitator, a reflux column, a 
5 thermocouple, and a heating mantle: 

Material Weight ( grains ) 

Ethanol(l) 3272.5 

Material Weight (grams) 

Acrylic acid 63 

2-Hydroxyethyl methacrylate 2318.4 

N,N-Dimethylaminoethyl- 277.2 
methacrylate 

Ethanol 1050 
VA20®67(2) 133 

10 Ethanol used in all of the examples was a technical grade 

comprising the following identified components listed in 
weight percentage, based on the total weight of the 
solvent: ethanol - 84.4%, methanol - 4.4%, methyl isobutyl 
ketone - 0.94%, ethyl acetate - 4.72%, and water - 5.49%, 

15 accounting for 99.95% of the solvent. 

(2) VAZO®67 chemically is 2 , 2 ' -azobis- (2-methylbutyronitriie) 
and is available from E.I. duPont de Nemours and Company. 

20 Charge 1 was initially added to the reaction vessel 

and heat was applied with agitation until the reflux 
temperature was reached. Charge 2 was fed into the reaction 
vessel in a continuous manner over a period of 3 hours. The 
reflux temperature was maintained throughout the addition of 

25 Charge 2. With the completion of the addition of Charge 2, 

the reaction mixture was held for an additional 3 hours at the 
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reflijx temperature. The contents of the reaction vessel were 
then cooled and transferred to a suitable container. The 
resulting polymer solution had a total solids content, based 
on total solution weight, of 40.6 percent and the number 
5 average molecular weight of the polymer was calculated to be 
10,862. 

Methyl trimethoxysilane (45 grams) , gamma- 

10 glycidoxypropyl trimethoxysilane (4.7 grams), 

tetraethylorthosilicate (15 grams), acetic acid (6 grams), and 
water (30 grams) were added to a reaction flaslc. The solution 
was stirred for 5 minutes. The polymer solution of Step 1 (4 
grams) was added to the reaction flas)c which was stirred until 

15 a clear solution was obtained. Ethanol (30 grams) was added 
and the clear solution was maintained at room temperature for 
about 18 hours. Afterwards, FLUORAD® FC-430. a 
fluoroaliphatic polymeric ester surfactant (0.5 grams) was 
added to the solution and the solution stirred for 30 minutes. 

20 The solution was filtered through a Whatman 934-AH filter 
prior to use as a coating composition. 

Example 2 
sr.ep 1 

25 The procedure of Step l of Exatt5>le l was used 

except for the following changes : 

Charge 1 

^^r^-r^nl Wftighr . (qrsms ) 

Ethanol 467.5 
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rhf^rge 2 

2-Hydroxyethyl methacrylate 
N , N-Dime thylaminoethyl - 



342 
39.6 



methacrylate 

Ethcinol 
VAZO®67 



150 
19.1 



The resulting polymer solution had a total solids 
content, based on total solution weight, of 40 percent and the 
5 number average molecular weight of the polymer was calculated 
to be 12,638. 

Methyltrimethoxysilane (216 grams) . gamma- 
10 glycidoxypropyl t rime thoxysi lane (21.6 grams), 

tetraethylorthosilicate (72 grams), acetic acid (28.8 grams), 
and water (144 grams) were added to a reaction flask. The ' 
solution was stirred for 5 minutes. The polymer solution of 
Step 1 (19.2 grams) was added to the reaction flaslc and the 
15 contents stirred until a clear solution was obtained. Ethanol 
(192 grams) was added and the clear solution was maintained at 
30»C for 4 hours and then at room temperature for about 14 
hours. Afterwards. FLUORAD® FC-430, a f luoroaliphatic 
polymeric ester surfactant (2 grams) . was added to the 
20 solution and the solution stirred for 30 minutes. The 

solution was filtered through a Whatman 934-AH filter prior to 
use as a coating composition. 
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The procedure of Step 1 of Example 1 was used except 
for the following changes: 

M.^,.riai Weight (qrams ) 



15 



20 



Ethanol 



467.5 



Material wHahr fqrams) 



Acrylic acid 
2 -Hydroxy ethyl methacrylate 
Ethanol 
VAZO®67 



19.1 
362.5 
150 
19 . 1 



The resulting polymer solution had a total solids 
10 content, based on total solution weight, of 42.8 percent and 
the number average molecular weight of the polymer was 
calculated to be 11,762. 



sr.ep 2 

The procedure of Step 2 of Example 1 was followed ' 
except that 4 grams of the polymer solution from Step 1 of 
Example 3 was used. 

.sr.ep 1 

The procedure of Step 1 of Example 1 was used except 
for the following changes: 

Ethanol ^^^-5 
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Charge 



2 



Material 



Weight (grams) 



2-Hydroxyethyl methacrylate 

N, N-Dimethylaminoethyl- 
methacrylate 



286.2 



95.4 



Ethanol 



150 



VA20®67 



19.1 



The resulting polymer solution had a total solids 
5 content, based on total solution weight, of 41.9 percent and 
the number average molecular weight of the polymer was 
calculated to be 13,941. 



glycidoxypropyl trimethoxysilane {5.4 grams), 
tetraethylorthosilicate (18 grams), acetic acid (7.2 grams), 
and water (36 grams) were added to a reaction flask. The 
solution was stirred for 5. minutes. The polymer solution of 

15 Step 1 (4.8 grams) was added to the reaction flask, the 
contents of which were stirred until a clear solution was 
obtained. Ethanol (48 grams) was added and the clear solution 
was maintained at room temperature for about 18 hours. 
Afterwards, FLUORAD® FC-43 0, a f luoroaliphatic polymeric ester 

20 surfactant (0.5 grams) was added to the solution and the 

solution was stirred for 30 minutes. The solution was filtered 
through a Whatman 934 -AH filter prior to use as a coating 
composition. 



Step 2 



10 



Methyltrimethoxysilane (54 grams) , gamma- 
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Example 5 
Step 1 

The procedure of Step 1 of Example 1 was used except 
for the following changes: 
5 Charge 1 

Material weight (aramgr 

Ethanol .467.5 



Charge 2 

Material 

2-Hydroxyethyl methacrylate 

N,N-Dimethylaminoethyl- 
methacrylate 

Ethanol 
VAZ0®67 



Weight (grams! 

190. 8 
190.8 

150 
19.1 



The resulting polymer solution had a total solids 
10 content, based on total solution weight, of 3 9.7 percent and 
the number average molecular weight of the polymer was 
calculated to be 11,93 9. 

15 The procedure of Step 2 of Example 4 was followed 

except that 4.8 grams of the polymer solution from Step l of 
Example 5 was used. 



gxan^ple 6 

20 Step 1 

The procedure of Step 1 of Example 1 was used except for 
the following changes: 
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^ftirfhi- (grams) 
467.5 



■Charge 2 



Material 

N, N-Dimethylaminoethyl ■ 
methacrylate 

Ethanol 
VAZO®67 



WAirrht- f grams) 
381.6 

150 
19.1 



5 The resulting polymer solution had a total solids 

content, based on total solution weight, of 37.5 percent and 
the number average molecular weight of the polymer was 
calculated to be 5,765. 



10 Step 2 

Methyltrimethoxysilane (54 0 grams) , gamma- 
glycidoxypropyl trimethoxysilane (108 grams) , 
tetraethylorthdsilicate (18 grams) , acetic acid (72 grams) , 
and water (360 grams) were added to a reaction flaslc. The 

1-5 solution was stirred for 5 minutes. The polymer solution of 
Step 1 (480 grams) was added to the reaction flaslc, the 
contents of which were stirred until a clear solution was 
obtained. l-Propanol (480 grams) was added and the clear 
solution was maintained at room temperature for about 18 

20 hours. Afterwards, FLUORAD® FC-430, a f luoroaliphatic 

polymeric ester surfactant (5 grams) was added to the solution 
and the solution was stirred for 30 minutes. The solution was 
filtered through a Whatman 934-AH filter prior to use as a 
coating composition. 



25 
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Fvample 7 

finep 1 

The procedure of Step 1 of Example 1 was used except 
for the following changes : 
5 Charge 1 

Materif^l Weight (gramp) 

Ethanol 3272.5 



Charge 2 

Material 
Acrylic acid 
2 -Hydroxy ethyl methacrylate 
Ethanol 
VA20®67 



Weight (grf^m??) 

63 
2608.2 
1050 
133.7 



The resulting polymer solution had a total solids 
10 content, based on total solution weight, of 41.8 percent and 
the number average molecular weight of the polymer was 
calculated to be 11,533. 



15 



Step 2 

Methyltrimethoxysilane (90 grams), garama- 
glycidoxypropyl t rime thoxysi lane (9 grams) , 
tetraethylorthosilicate (30 grams), acetic acid (12 grams), 
and water (60 grams) were added to a reaction flask. The 
solution was stirred for 5 minutes. The polymer solution of 
20 Step 1 (6 grams) was added to the reaction flask, the contents 
of which were stirred until a clear solution was obtained. 
Ethanol (40 grams) was added and the clear solution was 
maintained at room temperature for about 18 hours. 
Afterwards, FLUORAD® FC-430, a f luoroaliphatic polymeric ester 
25 surfactant (0.5 grams) was added to the solution and the 
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solution was stirred for 30 minutes. The solution was" 
filtered through a Whatman 934-AH filter prior to use as a 
coating composition. 



10 



Example 8 
Step 1 

The procedure of Step 1 of Example 1 was used except 
for the following changes: 

Charge 1 

Material 
I s op r op ano 1 ( Anhydrous ) 



Weight (grams) 
467.5 



Charge 2 



Material 

Acrylic acid 

N,N-Dimethylaminoethyl- 
methacrylate 

Methyl methacrylate 
Isopropanol (Anhydrous ) 
VA20®67 



Weight (grams) 

9 

39.6 

331.2 
150 
19 



The resulting polymer solution had a total solids 
content, based on total solution weight, of 39.4 percent and 
15 the number average molecular weight of the polymer was 
calculated to be 5,072. 



Step 2 

The procedure of Step 2 of Example 1 was followed 
20 except that 4 grams of the polymer solution from Step l of 
Example 8 was used. 
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The procedure of Step 1 of Example 1 was used except 
for the following changes: 
5 fhr^rge l 

. Mat.P.riai w p iqhr. (qrams ) 

Ethanol 



467.5 



Material 
Acrylic acid 
2-Hydroxyethyl methacrylate 
t-Butylaminoethyl methacrylate 
Methyl methacrylate 
Ethanol 
VAZO®67 



M^iqhr forrams) 
9 

287.7 
46 .7 
38-2 

150 
19 .1 



The resulting polymer solution had a total solids 
10 content, based on total solution weight, of 40.5 percent and 
the number average molecular weight of the polymer was 
calculated to be 8,638. 

Step 2 

15 The procedure of Step 2 of Example 4 was followed 

' except that 4.8 grams of the polymer solution from Step 1 of 
Example 9 was used. 



20 



Fixample 10 
Step 1 

The procedure of Step 1 of Example 1 was used except 
for the following changes: 
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■Charge 1 



Wfflghr (grams) 

467.5 



Charge 2 



Material 

Acrylic acid 

Hydroxyethyl acrylate 

N, N-Dimethylaminoethyl- 
methacrylate 

Methyl methacrylate. 
Ethanol 
VAZO®67 



Wg^laht: (grams) 
9 

294.8 
39.6 

38.2 
150 
19-1 



5 The resulting polymer solution had a total solids content, 

based on total solution weight, of 40.3 percent and the number 
average molecular weight of the polymer was calculated to be 
2,892. 

10 Step 2 

The procedure of Step 2 of Example 4 was followed 
except that 4.8 grams of the polymer solution from Step 1 of 
Example 10 was used. 



15 Rvamplf^ 11 

Step 1 

The procedure of Step 1 of Example 1 was used except 
for the following: Charge 2 was added to the reaction flask 
over a 2 hour period instead of 3 hours; and the following 
20 changes to Charge 1 and Charge 2. 
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f^;:^rae 1 



Wf^-jghr. (grams) 
133.6 



Charge 2 

Material 

ZONYL®TM (3) 

2-Hydroxyethyl methacrylate 

N- Dime thy laminoethyl- 
methacrylate 

Methyl methacrylate 
Methyl ethyl ketone 
VAZ0®67 



Wftighc (grams) 

20 
20 
25 

35 
20 
2.4 



5 • (3) zoNYLOTM chemically is a perf luoroalkylethyl methacrylate 
monomer mixture and is available from E.I, duPont de 
Nemours and Company. 

The resulting. polymer solution had a total solids content, 
10 based on total solution weight, of 39.5 percent. In order to 
recover the polymer in an aqueous solution by inversion, 
acetic acid (9.6 grams) and water (375 grams) were added to 
the polymer solution with mixing and the polymer solution was 
heated to 98'*C and held at that temperature for 3 hours with 
15 agitation. The resulting aqueous polymer solution had a total 
solids content, based on total solution weight, of 24.3 
percent . 



Step 2 

20 The procedure of Step 2 of Example 4 was followed 

except that 4.8 grams of the polymer solution from Step 1 of 
Example 11 was used. 
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Example I 

The procedure of Step 2 of Example 2 was followed 
except that no polymer -product Vas added. 

5 . Example 12 

Part A 

Test samples of 1/8 inch (0.3 centimeters) by 2 
inches (5.1 centimeters) by 2 inches (5.1 centimeters) square 
pqlymerizates prepared from CR-39® diethylene glycol bis(a.llyl 

10 carbonate) monomer were cleaned in an ultrasonic bath filled 
with an ultrasonic cleaning solution for ten minutes and then 
soaked in either a 15 weight percent aqueous sodium hydroxide 
or tetramethyl ammonium hydroxide solution for about 5 minutes 
at 55 to GO^C as indicated in Table 1. The ultrasonic cleaner 

15 was a Branson B-220 model rated at 50/60 Hz, 117 volts and 1.0 
amperes. The ultrasonic cleaning solution was prepared by 
diluting Fisherbrand Ultrasonic Cleaning Solution Concentrate 
with water in a ratio of 10:1 (water: concentrate) . 
Afterwards, the test samples were rinsed first with water, 

20 secondly with a 50:50 mixture of isopropanol : water , and then 
dried in a nitrogen gas stream. The coating compositions of 
Example I emd Examples 1 through 11 were applied to the test ' 
samples by dip coating. The Coating Solution Age, i.e., the 
number of days between preparation, of the coating composition 

25 and coating of the test samples, is listed in Table 1, The 

withdrawal rate used was approximately 8 to 10 centimeters per 
minute. Afterwards, the coated test samples were dried and 
cured in cOi air-circulating oven for about 3 hours at 120**C. 
The coated and cured test samples were further treated by 

30 immersion m an aqueous eiec^trolyte solution (tap water) 
containing the following cat ionic species in the following 
approximate concentrations: barium (0.04 ppm) , calcium (31 
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ppm) , iron (0.03 ppm) , magnesium (7 ppm) , sodium (8 ppm) , 
silicon (1.8 ppm), strontium (0.12 ppm) , zinc (0.02 ppm); and 
' the following anionic species : fluoride (1 ppm), chloride (17 
ppm), nitrate (1.7 ppm), and sulfate (81 ppm) maintained at a 
5 temperature of approximately lOO^C for the Treatment Time 
(Minutes) listed in Table 1. 

Part B 

Abrasion resistance of the coated and cured test 

10 samples prepared in Part A was determined using ASTM Test 

Method F735-81. The test samples were exposed to 300 cycles 
of oscillation in the ASTM Test Method. The Bayer Abrasion 
Resistance Index (BARI) , listed in Table 1, was calculated by 
dividing the percent haze of an uncoated test sample made of a 

15 homopolymer prepared from CR-39® allyl diglycol carbonate 

monomer by the percent haze of the untreated (by immersion in 
the electrolyte solution) coated test sample. The resulting 
number is an indication of how much more abrasion resistant is 
the coated test sample compared to the uncoated test sample. 

20 The haze and percent luminous transmittance (defined as the 
ratio of transmitted to incident light multiplied by 100) of 
coated test samples before and after abrasion testing were 
measured with a Hxinter Lab Model DP25P Colorimeter. Listed in 
Table 1 are the Percent Transmittance levels before abrasion 

25 resistance testing and the. highest Percent Transmittance level 
obtained after treatment with aqueous electrolyte for the 
Treatment Time indicated. 



wo 96/29154 PCTAJS96/03605 



-39- 

Table 1 

Coating Parcent Treatment Percent 

Coating Solution Transmittance Time Transmittance 

CQBiPPS i tton Age (Pays) f Before^ (Minutest (After) BART 

Example 1* e .94.3 20 - 98.0 1.7 

Example 2 49 94.8 15 99.3 2.4 

Example 3 6 93.6 27 96.5 

Example 4 7 94.3 24 96.1 2.6 

Example 5 7 94.3 24 96.2 2.6 

Example 6 7 94.0 50 98.2 2.9 

Exan^le 7 4 94.2 30 98.1 1.7 

Example 8 2 94.2 31 96.6 

Example 9* 6 94.2 50 98.3 1.5 

Example 10* 6 94.4 21 97.9 1.9 

Example 11 7 94.3 24 96.7 2.7 

Example I 8 94.1 60 94.5 1.0 

* Indicates that the substrate to which the coating was 
applied was first treated with tetramethylammonium 
hydroxide. 

5 

Indicates that the BARI was not measured 
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The results in Table 1 show that the percent 
transmit tance of the test samples coated with the coating 
compositions of Examples 1-11 increased at least 1.8 percent 
after treatment, while the sample coated with the coating 
5 composition of Example I increased only 0.4 percent, a larger 
increase in the percent of transmit tance would be attained if 
the treatment time was lengthened. The BARI results showed 
that the test samples coated with the coating compositions of 
Examples 1 through 11 were more resistant to abrasion than the 
10 sample coated with Example I- 

Exfample 13 

The coating composition of Example 2 was prepared 
except that 24 grams of the polymer solution of Step 1 was 
15 used. This coating composition was applied to several of the 
same type of square polymerizate test samples described in 
Example 12, Part A, cured, and tested according to the 
procedures of Part A ajid Part B of Example 12, except that the 
' coating solution was aged for 7 days and the temperature of 
20 the aqueous electrolyte treatment was maintained at the levels 
listed in Table 2. 



Table 2 

Treatment Percent Treatment Percent 

Temperature Transmittance Time Transmittance 

rc) (u^fnT^) (Minutes) (After) 

100 93.6 11 98.2 

90 93.5 55 96.9 

80 93.6 120 98.3 

70 93.7 400 97.7 

60 93.6 530 95.2 

25 93.6 48 (Days) 97.3 
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The results of Table 2 demonstrate the inverse 
relationship that exists between Treatment Temperature and 
Treatment Time, i.e., an increase in the Percent Transmit tance 
5 (After) is. obtained with higher temperatures and shorter 
contact time periods as well as with lower temperatures and 
longer contact time intervals. Also demonstrated is that an 
antiref lective surface, as measured by an increase in percent 
transmittance, is obtained by treatment with an acfueous 
10 electrolyte over a wide range of temperature levels and time 
intervals . 

Example 14 

The procedure of Example 13 was followed except that 
15 the temperature of the aqueous electrolyte treatment was 

maintained at about 100**C and the composition of the aqueous 
electrolyte solution was varied as indicated in Table 3 . The 
aqueous electrolyte solutions were prepared using water 
processed by reyerse osmosis and to which individually was 
20 added the following chemicals: 0.01 weight percent of the 
indicated carbonate compound; an amount of metal hydroxide 
compound that resulted in a solution pH of 9 (or in the case 
of aluminum hydroxide was a saturated solution that was 
adjusted to a pH of 9 with ammonium hydroxide); and O.Ol 
25 weight percent of stannic chloride that was adjusted to a pH 
of 9 with ammonium hydroxide. 
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Electrolyte 
Solution 

Magnesium 
Carbonate 

Calcium 
Carbonate 

Sodium 
Carbonate 

Sodium 
Hydroxide 

Magnesium 
Hydroxide 

Aluminum 
Hydroxide 

Stannic 
Chloride 



Percent 
Transmittance 

93.6 



93 .6 



Treatment 

Time 
(Mipiires) 

24 



19 



Percent 
Transmittance 
Iftfter) 

98.6 



96.5 



93.5 



93 .6 



93.5 



93 .6 



93.8 



19 



55 



19 



40 



60 



98.1 



96.8 



98.0 



94.4 



94 . 1 



The results of Table 3 show that various inorganic 
electrolytes in aqueous solution can be used in the process of 
the present invention to treat substrates to which coating 
compositions of the present invention have been applied and 
cured. These treatments resulted in an improvement of the 
antireflective nature of the surface as demonstrated by an 
increase in the Percent Transmittance (After) . 



10 



variations, of the coating composition of Step 2 of 
Example 1 were prepared as Coating Compositions C and D. 
coating Composition C differed from the coating composition of 
15 Example 1 by using the following components: gamma- 

glycidoxypropyl trimethoxysilane (4.5 grams), acetic acid (6.3 
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grams), ethanol (40 grams) and 3.3 grams of the polymeiT 
solution of Step 1. Coating Composition D differed from 
Coating Composition C by using 5 grams of the polymer solution 
of Step 1. Both coating compositions were applied to several 
test samples of the same type of square poLymerizates 
described in Example 12, Part A, cured, and tested according 
to the procedures of Parts A and B of Example 12, except that 
the coating solution was aged for 7 days and a different 
aqueous electrolyte solution was used. The aqueous 
electrolyte solution was water prepared by reverse osmosis 
that had its pH adjusted by the addition of hydrochloric acid 
and/or sodium hydroxide to its pH levels listed in Table 4. 



Coating 
Composition 



pH 

Level 



liable^ 

Percent 
Transmit tance 
(Before) 



Treatment 

Time 

(Minutes), 



Percent 
Transmi 1 1 ance 
. (Afte r) 



c 


1 


93 .5 


300 


93 .2 




1 


93 .4 


300 


93 . 0 


c 


2 


93.6 


240 


93.4 


D 


2 


93.7 


240 


93.4 


c 


3 


93.5 


180 


93.2 


D 


3 


93.6 


180 


93 .3 


C 


4 


93.4 


95 


96.5 


D 


4 


93.6 


55 


96.7 


C 


5 


93.4 


100 


93.6 


D 


5 


93 .4 


60 


94.8 


C 


6 


93.4 


140 


93.6 


D 


6 


93.6 


140 


96.0 


C 


7 


93.4 


85 


93.8 


D 


7 


93.5 


75 


96.6 
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TaHi^ A (rnnrinued) 







Percent 


Treatment 


Percent 


Coating 


pH 


Transmit tance 


1 xme 




nnmpositinn 




(Before! 


(Minutes) 


(After). 


C 


8 


93,4 


90 


97-2 


D 


8 


93 .6 


45 


96.1 


C 


9 


93 .4 


110 


96.7 


D 


9 


93 .4 


65 


96.7 


C 


10 


93.5 


50 


96.3 


D 


10 


93 .4 


30 


95.8 


C 


11 


93.3 


13 


98 , 0 


D 


11 


93 .4 


10 


97 . 6 


C 


12 


93 .5 


11 


96.1 


D 


12 


93.4 


11 


96.2 



The results of Table 4 demonstrate the effect of 
having different amounts of f imctionalized polymer in the 
5 coating composition on the treatment time required to attain 
the same percent transmittance . Generally, the time of 
treatment necessary to obtain a given transmittance was less 
for Coating Composition D (higher level of polymer) in the pH 
range between 4 and 11. At a pH above or below this range, 
10 the level of polymer did not have an observable effect on the 
treatment time. Also, when the pH was below 4, a decrease in 
the percent transmittance was observed. 

Example 16 

15 Variations of the coating composition of Step 2 of 

Example 1 were prepared as Coating Compositions E-1 through 
E-7. After all of the components of the Coating Compositions 
listed in Table 5 were added to a reaction flask, the contents 
were stirred for from 60 to 80 minutes at room temperature. 

20 The pH of each coating composition was adjusted then to from 
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4.2 to 4.4 with the addition of a 25 weight percent aqueous 
solution of tetramethylammonium hydroxide. FLUORAD® FC-430 
surfactant (O.l gram) was added to each coating composition 
and the resulting solution was stirred overnight at room 
5 temperature- Each solution was filtered through a Whatman 
934-AH filter prior to use as a coating composition. 

The coating compositions were applied to several 
test samples of the same type of square polymerizates 
described in Example 12, Part A, cured, and tested according 

10 to the procedures of Part A and Part B of Example 12 except 
that the coating solution was aged for 1 day, the aqueous 
electrolyte solution was a saturated solution of magnesium 
carbonate, and the test samples to which the coating was 
applied were first treated by soaking in a 15 weight percent 

15 aqueous tetramethylammonium hydroxide solution for about 5 

minutes at 55 to SO^'C. The test results are listed in Table 6 

Table 5 

Coating Compos it ions* 

ComponenUf? £L:ii Zz2. RzA e-4 £-7 

MTES 54 54 54 - - 54 54 

MTMS . - - - 54 . 54 - 

GGPTMS 10.8 13.2 12.1 10.8 - - - 10.8 

APTMS - - 5 5 

TEOS 18 30 - 18 18 18 18 

Nitric Acid 0,2 0.2 0.2 0.2 3.0 3.0 3.0 

Water 36 36 32 36 36 36 36 

Ethanol 40 40 40 40 72 40 40 

20 . 

MTES = methyltriethoxysilane 
MTMS = methyltrimethoxysilane 

GGPTMS B gamma-glycidoxypropyl trimethoxysilsme 
APTMS = 3-aminopropyl trimethoxysilane 
25 TEOS - tetramethylorthosilicate 
* /toounts listed are in grams 
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Coating 
Composition 


Percent 
Tr anstni 1 1 ance 
(Before) 


Treatment Time 
(Minutes) 


Transmi 1 1 ance 

(Aft.&r) 


E-1 


92.4 


120 


94 .6 


• ■ E-2 


91.6 


120 


94 .5 


E-3 


87 . 6 


30 


91.0 


E-4 


93". 6 . 


120 


94 . 1 


E-5 


93.5 


40 


95.3 


E-6 


93.5 


20 


96.2 


E-7 


93.2 


20 


97 . 1 



The results of Table 6 demonstrate that the process 
5 of the present invention can be used to produce coatings 
. having a graded porosity, as measured by an increase in 
percent transmittance, after aqueous electrolyte treatment, of 
cured coating compositions substantially free of the 
functional-group containing organic polymers of the type used 
10 in the coating compositions of the present invention. 

Furthermore, the use of different silane monomers in the 
coating composition of Example 16 effected the treatment time 
required to obtain an antiref lective coating: For example, 
the increase in percent transmitt.ance for coating composition 
15 E-i, which contained MTES, was 2.2 percent whereas the 

increase for coating composition E-4, containing MTMS, was 0.5 
percent. Also, the use of APTMS with MTMS in composition E-5 
resulted in an increase in the percent transmittance of 1 . 8 
percent . 
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The present invention has been described with 
reference to specific details of particular embodiments 
thereof. it is not intended that such details be regarded as 
limitations upon the scope of the invention except insofar as 
and to the extent that they are included in the accompanying 
claims . 
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We claim: 

1. A coating composition comprising, in 
combination, the acid catalyzed hydrolysis and condensation 
products of a water-silane monomer mixture, and a film- forming 

5 amount of a polymer having functional groups selected from the 
group consisting of amino, hydroxy and carboxy, hydroxy and 
amino, amino and carboxy, and amino, hydroxy and carboxy, said 
polymer being compatible with said silane monomer and the acid 
catalyzed condensation products of said silane monomer, said 
10 coating composition forming a coating that exhibits an 

increase in luminous transmittance after treatment with an 
aqueous electrolyte solution. 

2. The coating composition of claim 1 wherein 

15 said polymer is prepared from, monomers selected from the group 
consisting of hydroxy {C2-C4) alkyl acrylates, hydroxy (C2« 
C4)alkyl methacrylates, acrylic acid, methacrylic acid, 
carboxy (C1-C4) alkyl acrylates, carboxy (C1-C4) alkyl 
methacrylates, amino substituted phenyl acrylates, amino 
.20 sxibstituted phenyl methacrylates, amino substituted phenyl (Ci- 
C9) alkyl acrylates, amino substituted phenyl (C1-C9) alkyl 
methacrylates, amino substituted phenoxy acrylates, amino 
substituted phenoxy methacrylates, amino substituted 
phenoxy (C^^-Cg) alkyl acrylates, amino substituted phenoxy (C^- 

25 C9) alkyl methacrylates, amino (C^^-Cg) alkyl . acrylates , amino (Ci- 
C9) alkyl methacrylates, vinylamines, and mixtures of said 
monomers , 

3. The coating composition of claim 2 wherein 
30 said monomers are selected from the group consisting of 

hydroxy '(C2-C4) alkyl methacrylates, acrylic acid, methacrylic 
acid, carboxy (03^-04) alkyl acrylate, amino {C1-C9 ) alkyl 
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acrylates, amino (C1-C9) alkyl methacrylates . and mixtur.es of 
said monomers . 

■ 4. The coating composition of claim 1 wherein 
5 said polymer is prepared from said monomers and additional 
monomers substantially free of hydroxy, carboxy and amino 
functional groups . 

5. The composition of claim 1 wherein the silane 
10 monomer is present in the coating- composition in amounts of 
from about 1 to 70 weight percent , based on the total, weight 
of said coating composition, and is representable by the ' 
following general formula: 

15 (R^)nSiX4 .(m + n) 

wherein r1 is C.-C^o alkyl, C.-C^o haloalkyl, C^-C^o alkenyl, 
C2-C20 haloalkenyl. phenyl, phenyl {C1-C20) alkyl , C1-C20 
alkylphenyl, phenyl (C2- C2o)alkenyl. C2-C20 alkenylphenyl , 
20 glycidoxy(Ci-C2o)alkyl, epoxycyclohexyl (C1-C20) alkyl . 
morpholino, amino (C1-C20) alkyl. amino (C2 -C20) alkenyl. 
mercapto(Ci-C2o)allcyl. mercapto(C2 -C2o)allcenyl. cyano(Ci- • 

C2o)alkyl. cyano(C2 -C2o)alkenyl. acryloxy. methacryloxy. or 
halogen. r2 is C1-C20 alkylene. C2-C20 alkenylene. phenylene. 
25 C1-C20 alkylenephenylene, amino {C1-C20) alkylene, amino (C2-C20) 
alkenylene. X is hydrogen, halogen, hydroxy, C1-C5 alkoxy. C^- 
C5 alkoxy (C1-C5) alkoxy, C1-C4 acyloxy, phenoxy, C1-C3 
alkylphenoxy. or C1-C3 alkoxyphenoxy, said halo or halogen 
being bromo. chloro or fluoro. m and n are each an integer of 
from 0 to 2. and the sum of m and n is an integer of from 0 to 
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6. The coating composition of claim 5 wherein: 
(a) the amount of said silane monomer is from 
abou£ 3 to 55 weight percent, is a Ci-Cio alkyl. Ci-Cio 
(halo)alkyl, C2-C10 alkenyl , phenyl, phenyl (Ci-Ciq) alkyl, Cj.- 
5 Cio alkylphenyl, glycidoxy( Ci-Ciq) alkyl, epoxycyclohexyl (Ci- 
CioJalkyl, morphplino, amino (Ci-Ciq) alkyl, amino(C2- 
Cio)alkenyl. mercapto(Ci-Cio) aUcyl. mercapto (C2-C1Q) alkenyl , 
cyano(Ci -Cio)alkyl. cyano (C2-C10) alkenyl, or halogen, r2 is a 
Ci-Cio alkylene or C2-C10 alkenylene group, phenylene. Ci-Ciq 
10 alkylenephenylene, amino (Ci-Ciq) alkylene, amino{C2- 

Cio) alkenylene, X is hydrogen, halogen, hydroxy, C1-C3 alkoxy, 
C1-C3 alkoxy(Ci-C3) alkoxy, C1-C2 acyloxy, phenoxy, C1-C2 
alkylphenoxy, or C^-Cs alkoxyphenoxy, said halo or halogen 

being chloro or fluoro; and 

(b) a catalytic amount of a water-soluble acid 
selected from the group consisting of acetic, formic, 
glutaric. maleic. nitric, sulfuric, and hydrochloric acids is 
present . 
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7. The coating composition of claim 1 further 
comprising components selected from the group consisting of: 

(a) from about 0 to about 20 weight percent, based 
on the total weight of the coating composition, of a compound 
having the empirical formula M(Y)p , wherein M is a metal 
selected from the group consisting of Ti, Al, Zr, B, Sn, In, 
Sb. and Zn, and Y is selected from the group consisting of Ci- 
Cio alkoxy. acetylacetonato, and p is an integer equivalent to 

the valence of M; 

(b) from about 0 to about 10 weight percent, based 
on the total weight of the coating composition, of a compound 
having the formula F(CF2) gCH2CH2Si (CH3)hZ3-h' wherein Z is 
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chloro, methoxy, or ethoxy, g is an integer of from 1 to 10, 
and h is an integer of from 0 to 2; 

(c) a binding amount of organic polymer 
substantially free of the functional groups hydroxy, carboxy, 

5 and amino; 

(d) a solvating amount of organic solvent; and 

(e) a leveling amount of surfactant. 

8. The coating composition of claim 7 wherein: 

10 (a) the amount of said compound (a) is from about 

0 to 10 weight percent, M is selected from the group 
consisting of Ti, Al, and Zr, and Y is -C5 alkoxy; 

(b) said organic polymer (c) is selected from the 
group consisting of polyacrylates , polymethacrylates, polyCC^- 

15 Ci2)alkyl methacrylates, poly ^^'^y^ acrylates, 

polyoxy {alkylene methacrylates) , poly (alkoxylated phenol 
methacxylates) , cellulose acetate, cellulose triacetate, 
cellulose acetate propionate, cellulose acetate butyrate, 
poly(vinyl acetate), poly(vinyl alcohol), poly{vinyl 

20 chloride), poly (vinylidene chloride), thermoplastic 

polycarbonates, polyesters, polyurethanes , poly (ethylene 
terephthalate) , copoly (styrene-methylmethacrylate) , 
copoly (styrene-acrylonitrile) , poly(vinyl pyrrol i done ) , and 
polyvinylbutyral ; 

25 (c) said surfactant is a nonionic surfactant 

selected from the group consisting of 03-03^3 alkyl phenol 
ethoxylates, f luoroaliphatic polymeric esters, and fluorinated 
alkyl polyoxyethylene ethanols; and 

(d) said organic solvent is selected from the 

30 group consisting of ethyl acetate, tetrahydrof uran, C^-Cg 
alkanol, and aliphatic alcohol of the empirical formula 
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[(R3jiR4] (Ci-C5)OH, wherein and R^ are each C1-C4 alkoxy, 
and i is the integer 0 or 1. 

9. An article comprising, in combination, a solid 
5 substrate and on at least one surface thereof the cured 

coating composition of claim 1. 

10. The article of claim 9 wherein said substrate 
is selected from the group consisting of glass, ceramics, 

10 metals, and solid organic polymeric materials. 

11. The article of claim 10 wherein said solid 
organic polymeric material is selected, from the group 
consisting of polyacrylates, polymethacrylates , poly (Ci-C3^2 ) 

15 alkyl methacrylates , polyoxy (alkylene methacrylates) , poly 
(alkoxylated phenol methacrylates) , cellulose acetate, 
cellulose triacetate, cellulose acetate propionate, cellulose 
acetate butyrate, poly (vinyl acetate), poly (vinyl alcohol), 
poly(vinyl chloride), poly (vinyl idene chloride), thermoplastic 

20 polycarbonates, polyesters, polyurethanes, poly (ethylene 
terephthalate) , polystyrene, polyCalpha methylstyrene) , 
copoly ( s tyrene-me thylme thacrylate ) , copoly ( s tyrene - 
acrylonitrile) , polyvinylbutyral and polymers of members of 
the group consisting of polyoKallyl carbonate) monomers, 

25 polyfunctional acrylate monomers, polyf unctional methacrylate 
monomers, diethylene glycol dime thacrylate monomers, 
diisopropenyl benzene monomers, alkoxylated polyhydric alcohol 
monomers and diallylidene pentaerythritol. monomers . 



30 12. The article of claim 11 wherein said solid 

organic polymeric material is a homopolymer or copolymer of 
monomer (s) selected from the group consisting of acrylates. 
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methacrylates, methyl mechacrylate , ethylene glycol bis 
methacrylate, ethoxylated bisphenol A dimethacrylate, vinyl 
acetate, vinylbutyral , urethane, diethylene glycol bis(allyl 
carbonate) , diethylene glycol dimethacrylate, diisopropenyl 
5 benzene, and ethoxylated trimethylol propane triacrylate. 

13. An article comprising, in combination, a solid 
substrate and on at least one surface thereof the cured 
coating composition of claim 4 . 

10 " " 

14. An article comprising, in combination, a 
substrate and on at least one surface thereof the cured 
coating composition of claim 6. 

15 15. An article comprising, in combination, a 

substrate and on at least one surface thereof the cured 
coating composition of claim 8. 



16. A process for preparing an antiref lective 
coating on a substrate comprising: 

(a) applying to a solid substrate an acid 
catalyzed sol -gel coating composition substantially free of - 
preformed oxide sol and water soluble metal salt; 

(b) curing the applied coating composition; and 
25 (c) treating said cured coating with an aqueous 

electrolyte solution for a time sufficient to produce a 
coating having a graded porosity. 

17. The process of claim 16 wherein step (c) is 
30 performed with an aqueous electrolyte solution at a 

temperature from about 20''C to about the boiling temperature of 
said electrolyte solution. 
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18. The process of claim 17 wherein said aqueous 
electrolyte solution is an aqueous solution of hydrogen 
chloride, tetra (C1-C12) ^l^yl anunonium salt, tetra (C^^- 
5 C2^2)3.1kyl armnonium hydroxide, metal salts, metal hydroxide, 
hydrates of said salts, hydrates of said hydroxides, or 
mixtures thereof, said solution having a pH from about 4 to 
about 11. 

10 " IS- The process of claim 18 wherein said salt of 

the aqueous solution of tetra {C1-C12) alkyl ammonium salt or 
metal salts is selected from the group consisting of 
carbonate, carboxylate, sulfonate, sulfate, nitrate, 
perchlorate, phosphate, halide, and mixtures of such salts, 

15 said aqueous solution having a pH from about 7 to about 9. 

20. The process of claim 19 wherein said metal is 
an. alkaline earth or alkali metal. 
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21. The process of claim 16 further comprising the 
steps of contacting said treated cured coating with an aqueous 
rinsing solution for a time sufficient to remove residual 
products resulting from the treatment of step (c) from the 
surface of the coating and drying the coating. 



22. A process for preparing an ahtiref lective 
coating on a substrate comprising: 

(a) applying to a solid substrate the coating 
composition of claim 1; 
30 (b) curing the applied coating composition; and 
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(c) creating said cured coating with an aqueous 
inorganic electrolyte solution for a time sufficient to 
prodtice a coating having a graded porosity. 

5 23. An article comprising, in combination, a 

substrate and on at least one surface thereof an 
antiref lective coating prepared by the process of claim 16 . 

24. The article of claim 23 wherein said substrate 
10 is selected from the group consisting of glass, ceramics,' 

metals, and solid organic polymeric materials. 

25. The article of claim 24 wherein said solid 
organic polymeric material is selected from the group 

15 consisting of polyacrylates , polytnethacrylates, poly(Ci- 

Ci2)alkyl methacrylates, polyoxy(alkylene methacrylates) , poly 
(alkoxylated phenol methacrylates), cellulose acetate, 
cellulose triacetate, cellulose acetate propionate, cellulose 
acetate butyrate, poly(vinyl acetate). poly{vinyl alcohol), 

20 poly(vinyl chloride), poly (vinyl idene chloride), thermoplastic 
polycarbonates, polyesters, polyurethanes , poly (ethylene 
terephthalate) , polystyrene, poly (alpha methyls tyrene) , _ 
copoly (styrene-methylmethacrylate) , copoly (s tyrene - 
acrylonitrile) . polyvinylbutyral and, polymers of members of 

25 the group consisting of polyoKallyl carbonate) monomers. 

polyfunctional acrylate monomers, poly functional methacrylate 
monomers . diethylene glycol dimethacrylate monomers , 
diisopropenyl benzene monomers, alkoxylated polyhydric alcohol 
monomers and diallyl idene pentaerythritol monomers. 

30 

26. The article of claim 25 wherein said solid 
organic polymeric material is a homopolymer or copolymer of a 
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monomer selected from the group consisting of acrylates, 
methacrylates, methyl methacrylate, ethylene glycol bis 
methacrylate, ethoxylated bisphenol A dimethacrylate, vinyl 
acetate, vinylbutyral , urethane, diethylene glycol bis(allyl 
5 carbonate), diethylene glycol dimethacrylate, diisopropenyl 
benzene, and ethoxylated trimethylol propane triacrylate. 

27. An article comprising, in combination, a 
substrate and on at least one surface thereof an 

10 antireflective coating prepared by the process of claim 20. 

28. An article comprising, in combination, a 
substrate and on at least one surface thereof an 
antireflective coating prepared by the process of claim 21. 
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29. An article comprising, in combination, a 
substrate and on at least one surface thereof an 
antireflective coating prepared by the process of claim 22 
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